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Science is built with facts as a house is with stones Science is built with facts as a house is with stones ––
but a collection of facts is no more a science than a but a collection of facts is no more a science than a 
heap of stones is a house.heap of stones is a house.

–– Jules Henry Jules Henry PoincarePoincare

The Golden Age of GenomicsThe Golden Age of Genomics
• • ~50 Microbial Genomes have been sequenced,~50 Microbial Genomes have been sequenced,

at least 50 more are on the wayat least 50 more are on the way

• • A “working draft” of the Human Genome Sequence A “working draft” of the Human Genome Sequence 
is now available, with mouse and rat to followis now available, with mouse and rat to follow

• • Yeast, Yeast, C. C. eleganselegans, , Arabidopsis, Drosophila Arabidopsis, Drosophila and other and other 
Eukaryotic models are finished or well advancedEukaryotic models are finished or well advanced

• • More than 8,000,000 ESTs are available; More than 8,000,000 ESTs are available; 
more than 3,600,000 from humansmore than 3,600,000 from humans

Hybridization to a 19,200 Element Human ArrayHybridization to a 19,200 Element Human Array



THC254023THC254023 4.3497211714.349721171 SmgSmg
THC256000THC256000 4.3424940144.342494014 C10C10
THC254422THC254422 4.2388961294.238896129 betabeta--22--microglobulinmicroglobulin
THC254422THC254422 4.0325941824.032594182 betabeta--22--microglobulinmicroglobulin
THC260744THC260744 3.8635247593.863524759 ""cytochromecytochrome--c c oxidaseoxidase, IV subunit", IV subunit"
THC252841THC252841 3.8571793183.857179318 lipocortinlipocortin IIII
THC296927THC296927 3.7335663623.733566362 cement gland protein cement gland protein homologhomolog
THC259917THC259917 3.6938298613.693829861 thioredoxinthioredoxin
THC252841THC252841 3.6466133523.646613352 lipocortinlipocortin IIII
THC257033THC257033 3.5670936133.567093613 lanosterol synthaselanosterol synthase
THC266649THC266649 3.5602609193.560260919 ALU SUBFAMILY SP WARNING ENTRYALU SUBFAMILY SP WARNING ENTRY
THC254620THC254620 3.4987847263.498784726 "ribosomal protein S4, X"ribosomal protein S4, X--linked"linked"
THC257753THC257753 3.4815423623.481542362 hypothetical proteinhypothetical protein
THC296320THC296320 3.4642291953.464229195 "guanine nucleotide"guanine nucleotide--binding protein, G(i) alpha subunit"binding protein, G(i) alpha subunit"
THC251532THC251532 3.344989563.34498956 oncoonco--genegene
THC265278THC265278 3.3310509453.331050945 unknownunknown
THC256607THC256607 3.3240069263.324006926 p116Ripp116Rip
THC252448THC252448 3.2612064093.261206409 ribosomal ribosomal phosphoproteinphosphoprotein P1P1
THC255045THC255045 3.2353766553.235376655 ""translocontranslocon--associated protein, beta subunit"associated protein, beta subunit"
THC252165THC252165 3.1938533093.193853309 calcyclincalcyclin
THC252038THC252038 3.1923006233.192300623 ribosomal protein L7aribosomal protein L7a
THC273135THC273135 3.170810113.17081011 tumortumor--suppressing suppressing subchromosomalsubchromosomal transferable fragment 1transferable fragment 1
THC297398THC297398 3.1308796853.130879685 E2 E2 ubiquitinubiquitin conjugating enzyme UbcH5Bconjugating enzyme UbcH5B
THC258844THC258844 3.0864125073.086412507 "interferon, gamma"interferon, gamma--inducible protein IEF SSP 5111"inducible protein IEF SSP 5111"
THC268183THC268183 3.0843454053.084345405 dJ186O1dJ186O1
THC257461THC257461 3.0766328113.076632811 ULIPULIP
THC252038THC252038 3.0665582813.066558281 ribosomal protein L7aribosomal protein L7a
THC252945THC252945 3.0593559433.059355943 DnaJ homologDnaJ homolog (GB:X62421)(GB:X62421)
THC254784THC254784 3.0536949893.053694989 ribosomal protein L7ribosomal protein L7
THC255342THC255342 3.0372294593.037229459 ribosomal protein S2ribosomal protein S2
THC286127THC286127 3.0305283983.030528398 prostateprostate--specific membrane antigenspecific membrane antigen
THC255079THC255079 3.0241630033.024163003 HYPOTHETICAL PROTEIN (FRAGMENT)HYPOTHETICAL PROTEIN (FRAGMENT)
THC213841THC213841 2.988027342.98802734 "tyrosine "tyrosine phosphatasephosphatase, receptor, gamma polypeptide", receptor, gamma polypeptide"
THC259253THC259253 2.9431992312.943199231 KIAA0395KIAA0395
THC260402THC260402 2.9255734742.925573474 alphaalpha--11--antichymotrypsinantichymotrypsin
THC259466THC259466 2.9189552532.918955253 deoxycytidylate deaminasedeoxycytidylate deaminase
THC252165THC252165 2.9173019982.917301998 calcyclincalcyclin
THC254011THC254011 2.8690463142.869046314 splicingsplicing
THC257248THC257248 2.8592835522.859283552 tumor necrosis factor alphatumor necrosis factor alpha--inducible primary response gene B94inducible primary response gene B94
THC252973THC252973 2.8365253912.836525391 ribosomal proteinribosomal protein
THC255837THC255837 2.8356844622.835684462 ribosomal protein L30 ribosomal protein L30 isologisolog
THC252448THC252448 2.8166716072.816671607 ribosomal ribosomal phosphoproteinphosphoprotein P1P1
THC296846THC296846 2.8004750582.800475058 ribosomal protein L23ribosomal protein L23
THC261412THC261412 2.7977909622.797790962 ""ribonucleaseribonuclease, pancreatic", pancreatic"
THC297126THC297126 2.7747224422.774722442 MiMi--2 protein2 protein
THC297077THC297077 2.7567698982.756769898 cyclophilincyclophilin AA
THC85521THC85521 2.7498937622.749893762 NN--benzoylbenzoyl--LL--tyrosyltyrosyl--pp--aminoamino--benzoic acid benzoic acid hydrolasehydrolase
THC271017THC271017 2.7482958992.748295899 dJ487J7dJ487J7
THC258671THC258671 2.7387110622.738711062 hypothetical proteinhypothetical protein
THC282217THC282217 2.7140570042.714057004 ""cadherincadherin, placental", placental"
THC288064THC288064 2.7053690392.705369039 thymidylate kinasethymidylate kinase
THC284933THC284933 2.7030186452.703018645 "heparin"heparin--binding growth factor 1, acidic"binding growth factor 1, acidic"
THC255412THC255412 2.6474964572.647496457 protoproto--oncogeneoncogene srcsrc--like like kinasekinase
THC252915THC252915 2.6414191972.641419197 NADHNADH--
THC255495THC255495 2.6372686792.637268679 ribosomal protein S20ribosomal protein S20
THC253021THC253021 2.6197260622.619726062 "major "major histocompatibilityhistocompatibility complex, class I, E"complex, class I, E"
THC273189THC273189 2.6147150362.614715036 ""chromograninchromogranin A, parathyroid A, parathyroid secretorysecretory protein 1"protein 1"
THC258883THC258883 2.6102508752.610250875 hypothetical proteinhypothetical protein
THC123914THC123914 2.6095258452.609525845 spasmolyticspasmolytic polypeptidepolypeptide
THC252199THC252199 2.6085702942.608570294 ribosomal protein S18ribosomal protein S18
THC173944THC173944 2.6054725142.605472514 "GTP"GTP--binding protein, Rho6"binding protein, Rho6"
THC263248THC263248 2.6050076882.605007688 GEFGEF--22
THC251904THC251904 2.6045838132.604583813 hypotheticalhypothetical
THC266890THC266890 2.570113242.57011324 "fatty"fatty--acidacid--binding protein 2, intestinal"binding protein 2, intestinal"
THC255815THC255815 2.5603636642.560363664 DNADNA--binding protein TAXbinding protein TAX
THC269526THC269526 2.5501640862.550164086 melanoma ubiquitous mutated protein 1melanoma ubiquitous mutated protein 1
THC253301THC253301 2.5479051542.547905154 "translation initiation factor 4, gamma subunit""translation initiation factor 4, gamma subunit"
THC251939THC251939 2.546167592.54616759 hypotheticalhypothetical
THC282269THC282269 2.5387701692.538770169 ""guanylyl cyclaseguanylyl cyclase, , natriureticnatriuretic peptide receptor A"peptide receptor A"
THC257702THC257702 2.5307198522.530719852 protein tyrosine protein tyrosine phosphatasephosphatase (pyst1)(pyst1)
THC252647THC252647 2.517094332.51709433 high mobility group proteinhigh mobility group protein
THC255448THC255448 2.5150868512.515086851 ribosomal protein L32ribosomal protein L32
THC259066THC259066 2.510181842.51018184 protocadherinprotocadherin 4242
THC268333THC268333 2.5062510942.506251094 stimulatory GDP/GTP exchange protein for cstimulatory GDP/GTP exchange protein for c--KiKi--rasras p21 and p21 and smgsmg p21p21
THC269255THC269255 2.5052197782.505219778 hypothetical proteinhypothetical protein
THC252094THC252094 2.5026475012.502647501 ribosomal protein L30ribosomal protein L30
THC296786THC296786 2.5011753492.501175349 ribosomal protein L29ribosomal protein L29
THC260317THC260317 2.4791426752.479142675 actinactin depolymerizingdepolymerizing factorfactor
THC254578THC254578 2.4750680662.475068066 glyceraldehydeglyceraldehyde--33--phosphate phosphate dehydrogenasedehydrogenase
THC255490THC255490 2.4722920742.472292074 prostaglandin D prostaglandin D synthasesynthase
THC258915THC258915 2.4639077152.463907715 p78 protein (GB:M33882)p78 protein (GB:M33882)
THC254784THC254784 2.4637149152.463714915 ribosomal protein L7ribosomal protein L7
THC252841THC252841 2.4608563622.460856362 lipocortinlipocortin IIII
THC297561THC297561 2.4400989392.440098939 fragile X breakpoint region 1 proteinfragile X breakpoint region 1 protein
THC258784THC258784 2.4391192512.439119251 DEAD box RNA DEAD box RNA helicasehelicase--like proteinlike protein

THC252890THC252890 2.4172282262.417228226 COLLAGENCOLLAGEN--BINDING PROTEIN 2 PRECURSOR (COLLIGIN 2)BINDING PROTEIN 2 PRECURSOR (COLLIGIN 2)
THC255495THC255495 2.416713582.41671358 ribosomal protein S20ribosomal protein S20
THC271854THC271854 2.4112856152.411285615 unknown proteinunknown protein
THC253416THC253416 2.4072570972.407257097 hypothetical proteinhypothetical protein
THC259884THC259884 2.4050050612.405005061 PEROXISOME ASSEMBLY PROTEIN PEX10 (PEROXINPEROXISOME ASSEMBLY PROTEIN PEX10 (PEROXIN--10)10)
THC284768THC284768 2.399627822.39962782 ""natriureticnatriuretic peptide clearance receptor,peptide clearance receptor, atrialatrial""
THC255540THC255540 2.3989660992.398966099 tubulintubulin alphaalpha--2 subunit2 subunit
THC236769THC236769 2.3984165432.398416543 B12 proteinB12 protein
THC286256THC286256 2.3969127372.396912737 histonehistone H1.3H1.3
THC253960THC253960 2.3660938042.366093804 cytochromecytochrome
THC262188THC262188 2.3639887572.363988757 interferoninterferon--induced protein 6induced protein 6--1616
THC255342THC255342 2.3505817332.350581733 ribosomal protein S2ribosomal protein S2
THC100771THC100771 2.3499080652.349908065 TT--cell membrane cell membrane glycoproteinglycoprotein CD28CD28
THC262574THC262574 2.3451271272.345127127 ""phosphatidylinositolphosphatidylinositol 33--kinasekinase, alpha catalytic subunit", alpha catalytic subunit"
THC271560THC271560 2.3405603032.340560303 lung cancer candidate FUS1lung cancer candidate FUS1
THC273356THC273356 2.3404879842.340487984 ALU SUBFAMILY SQ WARNING ENTRYALU SUBFAMILY SQ WARNING ENTRY
THC257463THC257463 2.3377224742.337722474 "ATP "ATP synthasesynthase, H+ transporting, c subunit,, H+ transporting, c subunit,mitochondrialmitochondrial""
THC247015THC247015 2.3361251142.336125114 arfaptinarfaptin 2 (por1 protein)2 (por1 protein)
THC297303THC297303 2.335637622.33563762 "heat shock protein, 90 "heat shock protein, 90 kDakDa""
THC252972THC252972 2.3043159042.304315904 ribosomal protein L27aribosomal protein L27a
THC268526THC268526 2.2996975752.299697575 protein protein kinasekinase
THC281063THC281063 2.2936776552.293677655 ring finger proteinring finger protein
THC263011THC263011 2.2907020662.290702066 histonehistone--binding proteinbinding protein
THC260222THC260222 2.2804526912.280452691 hypothetical protein C01G10hypothetical protein C01G10
THC296876THC296876 2.2803083892.280308389 "phosphate carrier protein,"phosphate carrier protein, mitochondrialmitochondrial""
THC271349THC271349 2.2792670252.279267025 RanGTPRanGTP binding protein RanBP1binding protein RanBP1
THC296729THC296729 2.2607901642.260790164 ribosomal protein S3aribosomal protein S3a
THC263094THC263094 2.2518642962.251864296 DNADNA--binding protein TAXREB67binding protein TAXREB67
THC255909THC255909 2.2475286012.247528601 ribosomal protein L10ribosomal protein L10
THC254578THC254578 2.244160552.24416055 glyceraldehydeglyceraldehyde--33--phosphate phosphate dehydrogenasedehydrogenase
THC254181THC254181 2.2395232582.239523258 nuclearnuclear
THC296341THC296341 2.2253618892.225361889 ""cholinergiccholinergic receptor, nicotinic, epsilon polypeptide"receptor, nicotinic, epsilon polypeptide"
THC260432THC260432 2.2158965932.215896593 Skb1HsSkb1Hs
THC257848THC257848 2.201971442.20197144 nucleolar autoantigen nucleolar autoantigen No55No55
THC291590THC291590 2.1990952112.199095211 "protein "protein phosphatasephosphatase, 2A B56, 2A B56--beta subunit"beta subunit"
THC297279THC297279 2.1969343582.196934358 ""tubulintubulin, beta d1", beta d1"
THC297027THC297027 2.1910531362.191053136 laminlamin A/CA/C
THC164895THC164895 2.179957452.17995745 serine/serine/threoninethreonine protein protein kinase Krskinase Krs--11
THC261088THC261088 2.1677516852.167751685 hypothetical proteinhypothetical protein
THC294398THC294398 2.1655132032.165513203 ""tryptasetryptase, alpha / beta", alpha / beta"
THC297277THC297277 2.1524773522.152477352 ribosomal protein S24ribosomal protein S24
THC254777THC254777 2.1448586152.144858615 ARP2/3 COMPLEX 16 KD SUBUNIT (P16ARP2/3 COMPLEX 16 KD SUBUNIT (P16--ARC)ARC)
THC256198THC256198 2.1405834682.140583468 protoproto--oncogene BMIoncogene BMI--11
THC254292THC254292 2.139718222.13971822 extracellularextracellular
THC255613THC255613 2.133624622.13362462 ribosomal protein L35aribosomal protein L35a
THC260035THC260035 2.1314253832.131425383 zinczinc--finger finger helicasehelicase
THC282654THC282654 2.1312586252.131258625 ALU SUBFAMILY SB WARNING ENTRYALU SUBFAMILY SB WARNING ENTRY
THC266002THC266002 2.1160122822.116012282 SYNTAXIN 7SYNTAXIN 7
THC252107THC252107 2.1123508532.112350853 ribosomal protein S6ribosomal protein S6
THC265420THC265420 2.1059453422.105945342 serine/serine/threonine kinasethreonine kinase
THC252266THC252266 2.0995067282.099506728 "ribosomal "ribosomal phosphoproteinphosphoprotein P0, acidic"P0, acidic"
THC254232THC254232 2.0964045852.096404585 adipophilinadipophilin
THC254214THC254214 2.0886288712.088628871 NeddNedd--44--likelike
THC132811THC132811 2.0872801212.087280121 phosphotyrosinephosphotyrosine independent independent ligandligand for the for the LckLck SH2 domain p62SH2 domain p62
THC283607THC283607 2.0824404152.082440415 cytochromecytochrome b5b5
THC261019THC261019 2.0746630022.074663002 ""cytochromecytochrome--c c oxidaseoxidase, , VIIaVIIa subunit, liver"subunit, liver"
THC255597THC255597 2.0650338632.065033863 "SWI/SNF complex 60 "SWI/SNF complex 60 KDaKDa subunit (BAF60a), alt. splice"subunit (BAF60a), alt. splice"
THC252247THC252247 2.046018652.04601865 transforming growth factor beta 1transforming growth factor beta 1--binding proteinbinding protein
THC262535THC262535 2.0410472772.041047277 KIAA0602 proteinKIAA0602 protein
THC296816THC296816 2.0079836442.007983644 p300 proteinp300 protein
THC253250THC253250 1.999929561.99992956 KIAA0320KIAA0320
THC252392THC252392 1.9990762761.999076276 "platelet"platelet--derived growth factor receptor, beta polypeptide"derived growth factor receptor, beta polypeptide"
THC262514THC262514 1.9550522041.955052204 probable probable enterocyteenterocyte differentiation promoting factor (EDPFdifferentiation promoting factor (EDPF--1)1)
THC260680THC260680 0.4589209530.458920953 ApoApo--2 2 LigandLigand (tumor necrosis factor)(tumor necrosis factor)
THC236943THC236943 0.4491616740.449161674 "protein "protein kinasekinase, p21, p21--activated"activated"
THC265079THC265079 0.4351824540.435182454 DnaJ homologDnaJ homolog (GB:X63368)(GB:X63368)
THC272218THC272218 0.4295283820.429528382 tunicamycintunicamycin--responsiveresponsive
THC272330THC272330 0.4288816760.428881676 hypothetical proteinhypothetical protein
THC154705THC154705 0.4265691540.426569154 ""octameroctamer--binding transcription factor 1, Bbinding transcription factor 1, B--cell specific"cell specific"
THC199728THC199728 0.4264270260.426427026 ""immunoglobulinimmunoglobulin lambda light chain, VJ regions (GB:X64166)"lambda light chain, VJ regions (GB:X64166)"
THC253899THC253899 0.4155113040.415511304 uncunc--1818--11
THC260049THC260049 0.4132297640.413229764 glutathioneglutathione SS--transferasetransferase M3M3
THC252650THC252650 0.4113631590.411363159 tumortumor--associated antigen L6associated antigen L6
THC256270THC256270 0.4104165180.410416518 "fatty"fatty--acid Coenzyme A acid Coenzyme A ligaseligase 2, long2, long--chain"chain"
THC297348THC297348 0.4073708960.407370896 globinglobin regulatory element regulatory element --1414
THC266016THC266016 0.4068032040.406803204 polycysticpolycystic kidney disease protein 1kidney disease protein 1
THC275001THC275001 0.4053195530.405319553 replication protein P1replication protein P1--Cdc46Cdc46
THC261810THC261810 0.4053030550.405303055 ankyrinankyrin 33
THC261284THC261284 0.3987519810.398751981 potassium/chloride potassium/chloride cotransportercotransporter (hKCC1)(hKCC1)
THC288644THC288644 0.3978502380.397850238 ALU SUBFAMILY SB WARNING ENTRYALU SUBFAMILY SB WARNING ENTRY
THC272423THC272423 0.3962078320.396207832 stearoylstearoyl--CoenzymeA desaturaseCoenzymeA desaturase
THC271249THC271249 0.394594840.39459484 "tyrosine "tyrosine phosphatasephosphatase, non, non--receptor type 1"receptor type 1"
THC256804THC256804 0.3937064960.393706496 nucleobindinnucleobindin
THC261847THC261847 0.3920433620.392043362 adenine nucleotide adenine nucleotide translocatortranslocator 11
THC253640THC253640 0.3879560710.387956071 complement component Dcomplement component D

THC284754THC284754 0.385615310.38561531 aggrecanaggrecan 11
THC297479THC297479 0.3823366750.382336675 ceruloplasminceruloplasmin
THC296679THC296679 0.3815654610.381565461 immunoglobulinimmunoglobulin gamma 2 heavy chaingamma 2 heavy chain
THC271307THC271307 0.3812159430.381215943 erythrocyte membrane protein 4.2erythrocyte membrane protein 4.2
THC261227THC261227 0.3810702090.381070209 BCL7BBCL7B
THC279251THC279251 0.3769352070.376935207 elastaseelastase IIAIIA
THC263178THC263178 0.3731522130.373152213 KiKi--67 antigen67 antigen
THC282491THC282491 0.3709069090.370906909 keratin 1keratin 1
THC257734THC257734 0.3678484330.367848433 protein kinaseprotein kinase racrac
THC296050THC296050 0.3663168380.366316838 vasoactivevasoactive intestinal peptide receptor RDC1intestinal peptide receptor RDC1
THC260575THC260575 0.366102560.36610256 folatefolate--binding proteinbinding protein
THC253986THC253986 0.365102980.36510298 RACH1RACH1
THC293453THC293453 0.3597855140.359785514 tyrosine kinasetyrosine kinase trkBtrkB
THC266319THC266319 0.3576981150.357698115 AMPAMP deaminasedeaminase 33
THC268176THC268176 0.3565683730.356568373 ""immunoglobulinimmunoglobulin lambda light chain, V(1) region"lambda light chain, V(1) region"
THC290946THC290946 0.3554347890.355434789 "T"T--cell factor 1, A/B/C"cell factor 1, A/B/C"
THC268545THC268545 0.3535951570.353595157 "natural killer cell protein, transcript 4""natural killer cell protein, transcript 4"
THC257971THC257971 0.3485466430.348546643 hypothetical protein E04D5hypothetical protein E04D5
THC296380THC296380 0.3475150920.347515092 ubiquinol cytochromeubiquinol cytochrome cc reductase Rieskereductase Rieske ironiron--sulphur proteisulphur protei
THC252894THC252894 0.3427215950.342721595 ""actininactinin, alpha 2", alpha 2"

THC260255THC260255 0.342169850.34216985 adenylyl kinaseadenylyl kinase 11
THC265707THC265707 0.340608480.34060848 "collagen, type XVI, alpha 1""collagen, type XVI, alpha 1"
THC296433THC296433 0.3401473960.340147396 transcription elongation factor htranscription elongation factor h--SIISII--T1 (GB:D50495)T1 (GB:D50495)
THC266959THC266959 0.3353787460.335378746 ""acyltransferaseacyltransferase, lecithin/cholesterol", lecithin/cholesterol"
THC264444THC264444 0.3345414290.334541429 sphingomyelinasesphingomyelinase
THC256324THC256324 0.3218036170.321803617 EphEph--family proteinfamily protein
THC275040THC275040 0.3124525160.312452516 ""glycoproteinglycoprotein 3, 3, zona pellucidazona pellucida""
THC259927THC259927 0.3092511080.309251108 hypothetical protein F09E5.3hypothetical protein F09E5.3
THC281535THC281535 0.3076215230.307621523 mutYmutY ((hMYHhMYH))
THC279248THC279248 0.3070000860.307000086 pancreatic lipasepancreatic lipase--related protein 1related protein 1
THC258827THC258827 0.3068893330.306889333 NN--ethylmaleimideethylmaleimide--sensitive factorsensitive factor
THC267085THC267085 0.2875201940.287520194 rod outer segment membrane protein 1rod outer segment membrane protein 1
THC253640THC253640 0.2871382320.287138232 complement component Dcomplement component D
THC254906THC254906 0.2859759330.285975933 "collagen, type III, alpha 1""collagen, type III, alpha 1"
THC258960THC258960 0.2853217280.285321728 "orphan receptor, nuclear, LXR"orphan receptor, nuclear, LXR--alpha"alpha"
THC259174THC259174 0.2805296110.280529611 Rad50Rad50
THC264835THC264835 0.2794665140.279466514 hexabrachionhexabrachion
THC262282THC262282 0.2788657560.278865756 biglycanbiglycan
THC256849THC256849 0.2783946560.278394656 tropomodulintropomodulin
THC257937THC257937 0.2776605230.277660523 insulininsulin--like growth factor binding protein 5like growth factor binding protein 5
THC258526THC258526 0.2685254490.268525449 NPMNPM--MLF1 fusionMLF1 fusion
THC278530THC278530 0.2632243070.263224307 ""neurofilamentneurofilament, subunit M", subunit M"
THC258426THC258426 0.2580416710.258041671 myoglobinmyoglobin
THC288074THC288074 0.2480058010.248005801 amphiphysinamphiphysin
THC274798THC274798 0.2445558690.244555869 glutamine glutamine cyclotransferasecyclotransferase
THC291296THC291296 0.1108819780.110881978 ""calbindincalbindin 1,28 1,28 kDakDa""
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Innate ImmunityInnate Immunity
Adaptive ImmunityAdaptive Immunity

Pathophysiologic
Conditions
Pathophysiologic
Conditions

Immunomodulatory GenesImmunomodulatory Genes

Sepsis
ARDS

Asthma

Sepsis
ARDS

Asthma

Antigen PresentationAntigen Presentation

Cytokines and
Adhesion Proteins

Cytokines and
Adhesion Proteins

CD14CD14

LPSLPS TLR ProteinsTLR Proteins

NF-�BNF-�B

I�BI�B

Inflammatory
Cell Recruitment

Inflammatory
Cell Recruitment

LBPLBP

DegradationDegradation

NIKNIK

TRAF-6TRAF-6

MyD88MyD88IRAK2IRAK2

BPIBPI

Adapted from Godowski.  NEJM 1999; 340:1835Adapted from Godowski.  NEJM 1999; 340:1835

MD-2MD-2

David SchwartzDavid Schwartz

Microarray Expression Profiling 
of Rodent Models of Human 

Disease
The Theme of our PGA:

Examining Gene/Environment Interactions in 
Rodent Models of Human Disease Using cDNA 

Microarrays to link Phenotype to Genotype

See <http://pga.tigr.org> for information, data, 
tools, and Visiting Scientist program

Identifying appropriate modelsIdentifying appropriate models

Identifying genes involved in HLB disordersIdentifying genes involved in HLB disorders

Placing these genes into relevant pathwaysPlacing these genes into relevant pathways

Separating genetic and environmental componentsSeparating genetic and environmental components

Developing an understanding of the mechanismsDeveloping an understanding of the mechanisms

Challenges in HLB Research



Expression ProfilingExpression Profiling: cDNA Microarrays: cDNA Microarrays

•• The Promise:The Promise:
• Genome Scale Data on Gene Expression Patterns• Genome Scale Data on Gene Expression Patterns

•• The Challenges:The Challenges:
• Deduce Gene Function from Expression• Deduce Gene Function from Expression
• Elucidate Functional Pathways from Function and Expression• Elucidate Functional Pathways from Function and Expression

•• The Solutions:The Solutions:
• Development of Robust Protocols for large• Development of Robust Protocols for large--scale correlation studiesscale correlation studies
• Relational Database for Data Storage• Relational Database for Data Storage
• Data Visualization and Mining Tools• Data Visualization and Mining Tools
• Tools for modeling pathways• Tools for modeling pathways

Microbial

ORFs

Design PCR Primers

PCR Products

Eukaryotic

THCs

Select cDNA clones

PCR Products

+

Microtiter PlateMicrotiter Plate

Many different plates Many different plates 
containing different genescontaining different genes

For each plate set,For each plate set,
many identical replicasmany identical replicas

Microarray SlideMicroarray Slide
(as many as 10,000(as many as 10,000
or more spotted genes)or more spotted genes)

Microarray Overview IMicroarray Overview I

Microarray Overview IIMicroarray Overview II

Prepare FluorescentlyPrepare Fluorescently
Labeled ProbesLabeled Probes

ControlControl

TestTest

Hybridize,Hybridize,
WashWash

MeasureMeasure
FluoresenceFluoresence
in 2 channelsin 2 channels

redred//greengreen

Analyze the dataAnalyze the data
to identify to identify 

differentiallydifferentially
expressed genesexpressed genes

Obtain RNA SamplesObtain RNA Samples

GeneGene
Spot Spot 
on aon a
SlideSlide

FluorescenceFluorescence
IntensityIntensity

ExpressionExpression
MeasurementMeasurement

TissueTissue
SelectionSelection

DifferentialDifferential
State/StageState/Stage
SelectionSelection

RNA PreparationRNA Preparation
and Labelingand Labeling

CompetitiveCompetitive
HybridizationHybridization

Microarray Expression AnalysisMicroarray Expression Analysis



The Beast: Microarray Robot from Intelligent AutomationThe Beast: Microarray Robot from Intelligent Automation
<http://www.<http://www.iasias.com>.com>

Axon Axon GenePix GenePix 4000B Scanner 4000B Scanner 

<http://www.axon.com/GN_GenePix4000.html><http://www.axon.com/GN_GenePix4000.html>

Wild Type Wild Type -- stressedstressed

Wild Type Wild Type --unstressedunstressed

Mutant Mutant -- stressedstressed

Mutant Mutant --unstressedunstressed

EnvironmentEnvironment

GenotypeGenotype

Basic Experimental ParadigmBasic Experimental Paradigm

Reference SampleReference Sample

Tools for linking Genes, ESTs, cDNAs, and Sequences Tools for linking Genes, ESTs, cDNAs, and Sequences 

Microarray Quality Control Protocols and ReagentsMicroarray Quality Control Protocols and Reagents

Novel Analysis Techniques and ToolsNovel Analysis Techniques and Tools

Phenotyping Phenotyping PipelinesPipelines

Microarray Resources in Mouse and RatMicroarray Resources in Mouse and Rat

Expression Profiles for Disease Phenotypes of HLBS interestExpression Profiles for Disease Phenotypes of HLBS interest

Developmental Goals



Tools for linking Genes, ESTs, cDNAs, and SequencesTools for linking Genes, ESTs, cDNAs, and Sequences

Microarray Quality Control Protocols and ReagentsMicroarray Quality Control Protocols and Reagents

Novel Analysis Techniques and ToolsNovel Analysis Techniques and Tools

Phenotyping Phenotyping PipelinesPipelines

Microarray Resources in Mouse and RatMicroarray Resources in Mouse and Rat

Expression Profiles for Disease Phenotypes of HLBS interestExpression Profiles for Disease Phenotypes of HLBS interest

Developmental Goals

High stringency pairHigh stringency pair--wise wise 
comparisons to comparisons to 
buildbuild ClustersClusters

Gene Index Assembly process

reduce reduce 
redundancyredundancy

Expressed Transcripts (ET)Expressed Transcripts (ET)
from GenBank CDSfrom GenBank CDS

remove vector, polyremove vector, poly--A, A, 
adapter,mitochondrial and adapter,mitochondrial and 

ribosomal sequenceribosomal sequence

ESTs from ESTs from 
GenBank (dbEST)GenBank (dbEST) TIGR ESTsTIGR ESTs

Each cluster is Each cluster is 
assembled to obtainassembled to obtain
Tentative ConsensusTentative Consensus

sequences (sequences (TCTCs)s)

Annotate TCs Annotate TCs 
and releaseand release

TIGR Gene Indices TIGR Gene Indices 
home page home page 

www.tigr.org/tdb/tgi.shtmlwww.tigr.org/tdb/tgi.shtml

The Mouse Gene IndexThe Mouse Gene Index <http://www.tigr.org/<http://www.tigr.org/tdbtdb//mgimgi>>



A TC ExampleA TC Example

Click Click here here to see the live web page at TIGRto see the live web page at TIGR

Annotation based on gene contentAnnotation based on gene content
Annotation based on protein similarity searchesAnnotation based on protein similarity searches
““Opposite EndOpposite End”” informationinformation
Links to mapping informationLinks to mapping information
Links to Tentative Orthologue Groups (Links to Tentative Orthologue Groups (TOGsTOGs))

Links to Gene Ontology (GO) Terms (in release)Links to Gene Ontology (GO) Terms (in release)
Links to EC Numbers (in release)Links to EC Numbers (in release)
Links to completed genomic sequence (in release)Links to completed genomic sequence (in release)

Links to speciesLinks to species--specific databases specific databases –– MGD, RGD (in testing)MGD, RGD (in testing)

Ancillary Information

RatRat--HumanHuman MouseMouse--HumanHuman MouseMouse--RatRat
PropertyProperty MeanMean (SD)(SD) MeanMean (SD)(SD) MeanMean (SD)(SD)
5’UTR5’UTR
% Identity% Identity 68.468.4 (13.0)(13.0) 69.769.7 (12.9)(12.9) 84.584.5 (12.9)(12.9)
Mutation distance KMutation distance K 0.4860.486 (0.260)(0.260) 0.4930.493 (0.273)(0.273) 0.2120.212 (0.224)(0.224)

CDSCDS
% Identity (protein)% Identity (protein) 88.088.0 (11.8)(11.8) 86.486.4 (12.3)(12.3) 94.594.5 (6.3)(6.3)
% Identity (DNA)% Identity (DNA) 85.985.9 (6.0)(6.0) 85.285.2 (6.5)(6.5) 93.893.8 (3.2)(3.2)
SynSyn. distance K. distance Kss 4.604.60 (0.245)(0.245) 0.4680.468 (0.169)(0.169) 0.1660.166 (0.061)(0.061)
NonsynNonsyn. distance K. distance Kaa 0.0780.078 (0.095)(0.095) 0.0900.090 (0.102)(0.102) 0.0310.031 (0.040)(0.040)

3’ UTR3’ UTR
% Identity% Identity 70.170.1 (11.4)(11.4) 71.071.0 (12.2)(12.2) 86.386.3 (8.9)(8.9)
Mutation distance KMutation distance K 0.4350.435 (0.212)(0.212) 0.4470.447 (0.225)(0.225) 0.1640.164 (0.152)(0.152)

Analysis of Analysis of 1,880 rodent1,880 rodent--human orthologue pairs: human orthologue pairs: 
1,212 rat1,212 rat--human pairs, 1,138 mousehuman pairs, 1,138 mouse--human pairs, and 470 shared by all three. human pairs, and 470 shared by all three. 
�������������������� and and BoguskiBoguski (1998) (1998) Proc. Natl. Acad. Proc. Natl. Acad. SciSci. USA. USA 95, 940795, 9407--94129412

CanCan ESTs be used to identify orthologues?ESTs be used to identify orthologues?

RatRat--HumanHuman MouseMouse--HumanHuman MouseMouse--RatRat
PropertyProperty MeanMean (SD)(SD) MeanMean (SD)(SD) MeanMean (SD)(SD)
5’UTR5’UTR
% Identity% Identity 68.468.4 (13.0)(13.0) 69.769.7 (12.9)(12.9) 84.584.5 (12.9)(12.9)
Mutation distance KMutation distance K 0.4860.486 (0.260)(0.260) 0.4930.493 (0.273)(0.273) 0.2120.212 (0.224)(0.224)

CDSCDS
% Identity (protein)% Identity (protein) 88.088.0 (11.8)(11.8) 86.486.4 (12.3)(12.3) 94.594.5 (6.3)(6.3)
% Identity (DNA)% Identity (DNA) 85.985.9 (6.0)(6.0) 85.285.2 (6.5)(6.5) 93.893.8 (3.2)(3.2)
SynSyn. distance K. distance Kss 4.604.60 (0.245)(0.245) 0.4680.468 (0.169)(0.169) 0.1660.166 (0.061)(0.061)
NonsynNonsyn. distance K. distance Kaa 0.0780.078 (0.095)(0.095) 0.0900.090 (0.102)(0.102) 0.0310.031 (0.040)(0.040)

3’ UTR3’ UTR
% Identity% Identity 70.170.1 (11.4)(11.4) 71.071.0 (12.2)(12.2) 86.386.3 (8.9)(8.9)
Mutation distance KMutation distance K 0.4350.435 (0.212)(0.212) 0.4470.447 (0.225)(0.225) 0.1640.164 (0.152)(0.152)

Analysis of Analysis of 1,880 rodent1,880 rodent--human orthologue pairs: human orthologue pairs: 
1,212 rat1,212 rat--human pairs, 1,138 mousehuman pairs, 1,138 mouse--human pairs, and 470 shared by all three. human pairs, and 470 shared by all three. 
�������������������� and and BoguskiBoguski (1998) (1998) Proc. Natl. Acad. Proc. Natl. Acad. SciSci. USA. USA 95, 940795, 9407--94129412

CanCan ESTs be used to identify orthologues?ESTs be used to identify orthologues?



Tentative OrthologuesTentative Orthologues

And ParaloguesAnd Paralogues

Building Building TOGsTOGs: Reflexive, Transitive Closure: Reflexive, Transitive Closure The TIGR Gene IndicesThe TIGR Gene Indices <http://www.tigr.org.<http://www.tigr.org.tdbtdb//tdbtdb//tgitgi.html>.html>

TOGA: An Sample Alignment: TOGA: An Sample Alignment: bithoraxoidbithoraxoid--like proteinlike protein



Relationships in TOGARelationships in TOGA
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Representation of 288 Human Disease Genes in TOGARepresentation of 288 Human Disease Genes in TOGA
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Arabidopsis thalianaArabidopsis thaliana: Alignments with Chromosome II: Alignments with Chromosome II

http://www.tigr.org/tdb/at/alignTC.html



http://pga.tigr.org/tools.http://pga.tigr.org/tools.shtmlshtml

Links from Public Clone Sets to TGI Links from Public Clone Sets to TGI 

http://pga.tigr.org/tools.http://pga.tigr.org/tools.shtmlshtml

Links from Public Clone Sets to TGI Links from Public Clone Sets to TGI 

http://pga.tigr.org/tools.http://pga.tigr.org/tools.shtmlshtml

RESOURCERER RESOURCERER 32,448 element mouse array test32,448 element mouse array test

kidney kidney vsvs. heart. heart
1515��g  total RNAg  total RNA

Shuibang Wang, Yan Yu, Renee GaspardShuibang Wang, Yan Yu, Renee Gaspard



13,536 element rat array test13,536 element rat array test

brain brain vsvs. heart. heart
1212��g  total RNAg  total RNA

HongHong--Ying Wang,Ying Wang, Nnenna NwokekehNnenna Nwokekeh, Truong, Truong LuuLuu

Spiking Test Samples with Spiking Test Samples with A.A.thalianathaliana Control Control RNAsRNAs

RCA Cab rbcL LTP4 LTP6

Spiked 2-fold change
(copies/cell)
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Assessing Sensitivity of Microarrays at 2:1 ratiosAssessing Sensitivity of Microarrays at 2:1 ratios
Inter-slide variability:Intra-slide variability across 6 grids:

Spiked Fold Change (copies per cell)
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• Rat cDNA chip
• Total RNA from rat brain and heart
• A. thaliana RNA spiking controls: CAB, RCA, rbcL, LTP4, LTP6
• Hong-Ying Wang & Renae Malek

Resource: A.Resource: A. thalianathaliana DNA clones for spikingDNA clones for spiking

•• chlorophyll a/b binding protein (Cab)chlorophyll a/b binding protein (Cab)

•• RUBISCO RUBISCO activase activase (RCA)(RCA)

•• ribuloseribulose--1,51,5--bisphosphate carboxylasebisphosphate carboxylase//oxygenase oxygenase 

((RbcLRbcL))

•• lipid transfer protein 4 (LTP4)lipid transfer protein 4 (LTP4)

•• lipid transfer protein 6 (LTP6)lipid transfer protein 6 (LTP6)

•• papainpapain--type type cysteine endopeptidase cysteine endopeptidase (XCP2)(XCP2)

•• root cap 1 (RCP1)root cap 1 (RCP1)

•• NAC1NAC1

•• triosphosphate isomerase triosphosphate isomerase (TIM)(TIM)

•• ribuloseribulose--55--phosphatephosphate kinasekinase ((PRKasePRKase))

M13R

pSP64 Poly(A)
Vector

(3030bp)

5’…ATTTA GGTGA CACTA TAGAA TACAA GCTTG GGCTG CAGGT CGACT CTAGA

GGATC CCCGG GCGAG CTCCC AAAAA AAAAA AAAAA AAAAA AAAAA AAAAA CCGAA TTC…3’

SP6 Promoter
HindIII PstI SatI

AccI
HincII

XbaI

EcoRISacIAvaI
SmaI

BamHi

SP6 Transcription Start



Bad Data from Parts Unknown

Gary ChurchillGary Churchill

Good Data from TREX
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Normalization using local linear regressionNormalization using local linear regression

Ivana Yang , John QuackenbushIvana Yang , John Quackenbush

�1.23 fold �1.23 fold

GeneGene
Spot Spot 
on aon a
SlideSlide

FluoresenceFluoresence
IntensityIntensity

ExpressionExpression
MeasurementMeasurement

SpeciesSpecies
SelectionSelection

DifferentialDifferential
GrowthGrowth
ConditionsConditions

RNA PreparationRNA Preparation
and Labelingand Labeling

CompetitiveCompetitive
HybridizationHybridization

Microarray Expression AnalysisMicroarray Expression Analysis



MAD Microbial Array Database SchemaMAD Microbial Array Database Schema TIGR SpotfinderTIGR Spotfinder Loading Image DataLoading Image Data

TIGR SpotfinderTIGR Spotfinder Grid AdjustmentGrid Adjustment Data Analysis IssuesData Analysis Issues

• • PresentationPresentation

• • Multiple ViewsMultiple Views

• • NormalizationNormalization

• • Identification of Differentially Expressed GenesIdentification of Differentially Expressed Genes

• • Multiple ExperimentsMultiple Experiments



TIGR TIGR MultiExperiment MultiExperiment ViewerViewer

Detail view of a single slide with links to database Detail view of a single slide with links to database 
information about the underlying genesinformation about the underlying genes

Highlighted spots in scatter plot track genes Highlighted spots in scatter plot track genes 
being examined in the display on the leftbeing examined in the display on the left

Access to all the original Access to all the original TIGR TIGR ArrayViewerArrayViewer
displays and featuresdisplays and features

TIGR TIGR MultiExperiment MultiExperiment ViewerViewer

Goal is to measure ratios of gene expression levelsGoal is to measure ratios of gene expression levels
(ratio)(ratio)ii = = RRii//GGii

where where RRii//GGii are, respectively , the measured intensities for the are, respectively , the measured intensities for the iith th 
spot.spot.

In a selfIn a self--self hybridization, we would expect all ratios to be equal self hybridization, we would expect all ratios to be equal 
to one:to one:

RRii//GGii = 1 for all = 1 for all ii. . But they may not be.But they may not be.

Why not?Why not?
Unequal labeling efficiencies for Cy3/Cy5Unequal labeling efficiencies for Cy3/Cy5
Noise in the systemNoise in the system

Differential expressionDifferential expression

Normalization brings (appropriate) ratios back to one.Normalization brings (appropriate) ratios back to one.

Why Normalize Data?



Goal is identify genes (or experiments) which haveGoal is identify genes (or experiments) which have
““similarsimilar”” patterns of expressionpatterns of expression

This is a problem in data miningThis is a problem in data mining

““Clustering AlgorithmsClustering Algorithms”” are most widely usedare most widely used

TypesTypes
Agglomerative: HierarchicalAgglomerative: Hierarchical
Divisive: Divisive: kk--means, means, SOMsSOMs
Others: Principal Component Analysis (PCA)Others: Principal Component Analysis (PCA)

All depend on how one measures distanceAll depend on how one measures distance

Multiple Experiments?
Crucial concept for understanding clusteringCrucial concept for understanding clustering

Each gene is represented by a vector where coordinates are Each gene is represented by a vector where coordinates are 
its values log(ratio) in each experimentits values log(ratio) in each experiment

xx = log(ratio)= log(ratio)expt1expt1

yy = log(ratio)= log(ratio)expt2expt2

zz = log(ratio)= log(ratio)expt3expt3

etc.etc.

For example, if we do six experiments, For example, if we do six experiments, 
GeneGene11 = (= (--1.2, 1.2, --0.5, 0, 0.25, 0.75, 1.4) 0.5, 0, 0.25, 0.75, 1.4) 
GeneGene22 = (0.2, = (0.2, --0.5, 1.2, 0.5, 1.2, --0.25, 0.25, --1.0, 1.5) 1.0, 1.5) 
GeneGene33 = (1.2, 0.5, 0, = (1.2, 0.5, 0, --0.25, 0.25, --0.75, 0.75, --1.4) 1.4) 
etc.etc.

Expression Vectors

Distances are measured Distances are measured ““betweenbetween”” expression vectorsexpression vectors

Distance metrics define the way we measure distancesDistance metrics define the way we measure distances

Many different ways to measure distance:Many different ways to measure distance:
Euclidean distanceEuclidean distance
Pearson correlation coefficient(s)Pearson correlation coefficient(s)
Manhattan distanceManhattan distance
Mutual informationMutual information
KendallKendall’’s s TauTau
etc.etc.

Each has different properties and can reveal different Each has different properties and can reveal different 
features of the  datafeatures of the  data

Distance metrics TIGR TIGR MultiExprimentMultiExpriment Viewer:Viewer: Hierarchical ClusteringHierarchical Clustering



TIGR TIGR MultiExprimentMultiExpriment Viewer:Viewer: Self Organizing MapsSelf Organizing Maps

Three dimensional model of clustered data created using PrincipaThree dimensional model of clustered data created using Principal Component Analysisl Component Analysis

TIGR TIGR MultiExperiment MultiExperiment Viewer:Principal Component AnalysisViewer:Principal Component Analysis

TIGR TIGR MultiExperimentMultiExperiment Viewer:Viewer: Principal Component AnalysisPrincipal Component Analysis

Classification scheme proposed by a Classification scheme proposed by a 
Support Vector MachineSupport Vector Machine

TIGR TIGR MultiExperiment MultiExperiment Viewer: Support Vector MachinesViewer: Support Vector Machines



TIGR MeV: Tracking across experimentsTIGR MeV: Tracking across experiments

Tools for linking Genes, ESTs, cDNAs, and Sequences Tools for linking Genes, ESTs, cDNAs, and Sequences 

Microarray Quality Control Protocols and ReagentsMicroarray Quality Control Protocols and Reagents

Novel Analysis Techniques and ToolsNovel Analysis Techniques and Tools

Phenotyping Phenotyping PipelinesPipelines

Microarray Resources in Mouse and RatMicroarray Resources in Mouse and Rat

Expression Profiles for Disease Phenotypes of HLBS interestExpression Profiles for Disease Phenotypes of HLBS interest

Developmental Goals

Wild Type Wild Type -- stressedstressed

Wild Type Wild Type --unstressedunstressed

Mutant Mutant -- stressedstressed

Mutant Mutant --unstressedunstressed

EnvironmentEnvironment

GenotypeGenotype

Basic Experimental ParadigmBasic Experimental Paradigm

Reference SampleReference Sample

A B C D E

R R R R R

10 hybs Standard flip-dye expt

A

B

CD

E
10 hybs Proposed loop expt

0 new hybs

A

B

CD

R Proposed loop expt with
reference to provide

direct comparison with reference

A

B

DC

E 3 new hybs
Proposed loop expt with

reference to show
invariance w.r.t order

Loops and Reference Designs

S. Wang , J.S. Wang , J. QuackenbushQuackenbush, G. Churchill, G. Churchill



Loops and Reference Designs

Shuibang Wang , John Quackenbush, Gary ChurchillShuibang Wang , John Quackenbush, Gary Churchill

•c-Src 
Non-receptor tyrosine

kinase
Activated by growth factor        

receptors
Wide-spread tissue 

distribution
Cell growth & 

differentiation
Implicated in human colon 

cancer
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•Src531
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NH Lee, RL MalekNH Lee, RL Malek



Hierarchical ClusteringHierarchical Clustering
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Transformation FingerprintTransformation Fingerprint
MEK kinase
JAK3
A-raf
N-ras
ERK5
p190-B
ragB
Rho8
Ran/TC4
�-PAK
GDNFR alpha

*HIF-1
NF-�B
hSNF2H
c-jun
bcl-x apoptosis 
inhibitor

Cyclin D1
Cyclin G
CDK1

FA synthase
stearyl-CoA desaturase
epoxide hydrolase
propionyl-CoA carboxylase
peroxisomal enoyl-CoA hydratase

SECIS binding protein 2

stanniocalcin
RYB-a
arylsulfatase A
cathepsin B
IGF-I and IGF-II
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